Abstract-Introducing a highly technical multidisciplinary design problem to first year students can be a daunting task. First, their knowledge experience revolves only about basic mathematics, science and its application to technological problem. If mishandled, exposing them to complex design process at this stage can pose a disastrous effect. The intent of this paper is to share the facilitative teaching approach performed onto the first year students at the Department of Chemical & Environmental Engineering, UPM. This facilitative teaching approach is specifically adopted in the Material Balances courses (2+1) where a multidisciplinary conceptual design project is embedded as part of its content. The teaching team is responsible to plan and design instruction, assessment and evaluation materials, coach team during design activities by providing assistance and on time feedback, and maintain teams' vibrancy. A highly committed teaching team is required to materialize this approach because the efforts and time spent to conduct the activities for learning is not equivalent in number to the given credit loading. Furthermore, time and energy for other activities related to key performance indicators are usually sacrificed. However, excellent students' engagement, enthusiasm and participation to learn indicate that the efforts and time were worth spent.
I. INTRODUCTION
The use of blended-learning in global chemical engineering education has long been initiated by Felder [1] . Diverse student-centered teaching and learning approaches had been implemented in Chemical Engineering Curricula to stimulate students to be responsible to their own learning which will indirectly mold them to be self-regulating professionals. Directive and facilitative approaches are the most common teaching methodologies used by lecturers in the deliveries of their courses. The facilitative approach aims to stimulate knowledge construction and deep-level learning by means of questioning and prompting [2] ; whilst directive instructors tend to provide direct answers, supply the student with information needed and demonstrate the course content. Directive approach involve lecture and essentially teachercentered [3] . Lecture is the most common mean of teaching used by traditional lecturers especially if the subject is new to both the students and lecturer. It might be perceived as the easiest, economical, less laborious and less time consuming way to convey the factual information to students [2] .
With the introduction of blended learning approach, the oneway communication done in lecture is compensated by various learning strategies including tutorial or problem solving approach, visits, and project-or problem-based activities. This helps the students to articulate or show the material that they had conquered. Since the deliveries in class are lecture-based, time spent on blended learning approach is very limited. This practice is particularly apparent in fundamental courses where delivering of concept and theories via lectures are perceived as important. Based on the recent curriculum review conducted at the Department of Chemical & Environmental Engineering, Universiti Putra Malaysia (UPM), it had been identified that engaging students in integrated design as early as the first year might enhance the depth covered in the Capstone Design course that they cover in their third year.
To illustrate, Capstone Design or Process and Plant Design course had been used as one of the summative assessment technique to evaluate students' competency in chemical engineering curricula. It is one of the ultimate courses that will indicate the abilities of the students to integrate the fundamental knowledge to the real applications. In the review, curriculum intervention had been introduced at various stages. However, the intent of this paper is to share the intervention that had been conducted as early as the first year via the Material (1 st semester) and Energy (2 nd semester) Balances courses. In the previous curriculum (2010-2015), these two courses were a combined course named as Chemical Engineering Principles. It was a (3+0) course and most of the content delivery was done via lecture assisted by tutorial sessions. The average passing rate of this course is 76%. A more important observation that we had reflected is the continuity of the knowledge that the students had gained in their first year and how it is integrated to the subsequent semester's courses n particular design basis. There was a gap that is yet to be filled in to ensure that application of theories can be realized into design at that early stage. Therefore, evolution of the chemical engineering curricula at UPM as illustrated in Fig. 1 and Fig. 2 had been developed reflecting the design elements covered to support the design course.
With the students who had been exposed to directive approach cum tutorial in Chemical Engineering Principles course, our reflection shows that even though students had prior background on science and engineering (as in Fig. 1 ), their inabilities to apply and integrate knowledge into the given complex multidisciplinary integrated open ended design problem was still a major challenge. Even though the 3 rd year students presumably had prior knowledge with respect to fundamental calculations such as Material and Energy Balances, in general it took them more than two weeks (even some reached up to 4 weeks) to understand process description and present the conceptual mass calculation of a given process. Reflecting at this appearing challenge, the faculty had mutually agreed that intervention had to be done at the first two years of the study program by introducing some design elements in the core courses. The activities shall also be supported by other courses. The committees had reviewed practices done by other universities, e.g. Universiti Kebangsaan Malaysia, and discussed the pro-and cons-of the practices. Eventually, the faculty had agreed that intervention had to be done by integrating design elements into the core courses.
The Chemical Engineering Principles (3+0) was separated into ECH 3114 Material Balances (2+1) and ECH 3115 Energy Balances (2+1). The (+1) part is the integrated project, which represents the conceptual design of an integrated process. These courses were offered in two consecutive semesters in which ECH 3114 is a prerequisite course for ECH 3115.
Since this is the first time that this kind of course is introduced and implemented at UPM, great concerns had been emphasized on the suitable approach to conduct it. This concerns involved both the lecturer's and the student's workloads, the effective delivery of concepts and enhancement of students' skills. It had been noted by many researchers that lack of exposure to open ended scenarios, unclear instructions, directions and expectation from the faculty are some of the challenges that might discourage students in completing their project well. In achieving the design goals, it is important to expose students to rigorous training on time management. Good faculty's motivation (interest), experience and sense of responsibilities are also factors for successful learning for students in this context [3] . This is more crucial when the complex open-ended design problems were posed to the first year students.
II. METHODOLOGY

Setting
The students registered in this course are First Year, First Semester Students (N = 52). A typical intake for Chemical Engineering is in the range of 40 -60. All students are assigned to the directive approach, which is a lecture-based class, and a facilitative approach which is conducted during the project session. This group is consisted of four international students with equivalence A-Level certificate, three local students with a Diploma degree and the remaining students completed their university foundation (Asasi/Matriculation) programs. The age of the student ranged from 19 to 21 years old with almost equal number of male and female students (N MALE = 22, NFEMALE = 30). The students were grouped into a team of 4 members (NGROUP = 13). The formation of the group was done manually, i.e. based on their first individual assessment of learning set for the course. To illustrate, academically strong students were grouped with those who were slightly weak. The intention of the set formation was that they are able to share and assist each other (Peer Assisted Learning). The teaching team is consisted of two lecturers and a tutor (NTTEAM = 3). One of the lecturers had taught Chemical Engineering Principles course for a few semesters, another one had been teaching other chemical engineering courses including Process and Plant Design. The tutor is assigned to handle the use of software sessions.
Material Balances course is the first chemical engineering subject introduced to these students. There is a large gap of knowledge between this course to the basic mathematics and sciences that they had conquered. The students were not prepared with any specific engineering foundation programs or courses. Therefore, a proper teaching and learning approach need to be implemented to ensure that they (1) are properly guided and directed to achieve the learning outcomes and (2) are able to derive reasonable solution to the given open ended problem. The first part of the discussion will deliberate on the teaching and learning activities. The facilitative teaching approach conducted will be divided into the following sections, i.e. pre-, peri-and post-design activities. The second part of the discussion will cater for the findings based on a survey distributed to the students at the end of the semester. The online survey acts as a reflection tool for students to gauge their own learning experience through out the semester. The reflections highlighted in this paper include student's perception on their abilities to design a single unit, multiple units, time spent and assistance that they got during the design activities. The response was qualitatively measured based on Likert Scale of 1 (Poor) to 5 (Excellent). In some specific questions, a YES or NO answer will be provided. It is quite difficult to compare the achievement of this cohort with the previous cohorts as the content of the syllabus are totally different. However, the passing rate will be noted as one of the findings.
The third part of this paper discusses the perception of performing facilitative teaching approach from the lecturers' perspective. This is a reflection tool for the lecturer on how to improve their teaching approach as well as balance their teaching workload with other requirements.
III. TEACHING AND LEARNING APPROACH
A. Pre-Design Activities
The pre-design activities include finding suitable design topics, preparing brief which covers process descriptions and process variables, forming teams, preparing schedule, milestones and rubrics and outlining assessment methods and evaluation format. Structured planning of in-class activities with clear expected output and due dates was prepared (as in Fig. 3 ). The schedule was presented at the beginning of the semester. With this information available, students were able to set their milestone and expectation and tally it to the course requirement. In this course, the design teams (as in Fig. 4) were formed based on mixed gender, nationality and academic performances, i.e. first assessment of the course. Since these students were the first year first semester students, their academic performances were solely based on the currently enrolled course. It is the onus of the teaching team to provide all of these requirements. A capstone design course conducted for 3rd year students based on the old curriculum scheme presented in Fig. 1 requires a preparation time of about two to three weeks prior to the start of the class; whilst the course of this nature will require approximately one month preparation period. 
B. Peri-Design Activities
The facilitative teaching approach is a method that adopts the Learner Centered Model. The inherent intent is to transform student from passive, dependent learners to autonomous, self-directed ones [5] . To implement such methods, the teaching team prepared and presented a brief on the planned activity, the contents and the directions as a general guide. During the design process, students collated process information from both online and offline library's resources, online tools on trades such as Alibaba.com, open source online engineering toolbox and costing estimates for equipment cost estimation. Any available tools or gadgets can be used in class during this exercise.
Active guidance and coaching were conducted when the design teams started to select their process, develop their own flowsheets (Block and Process Flow Diagram), perform their engineering calculation and prepared their respective engineering drawings based on engineering standards. They have the freedom to choose and design their process with some requirement either on the selection of raw material, out or throughput of the process. To ensure the activity fostered deep learning, students were required to submit progress report as stipulated in Fig. 3 . To ensure the activity fostered deep learning, students were required to submit progress report as stipulated in Fig. 3 . In this report, all technical assumptions with suitable technical justifications should be outlined. Feedback and discussions on the technical feasibility and challenges of the selected process were conducted in the subsequent session to trigger critical thinking.
The teaching team provided feedback and elaborated on the technical feasibility and challenges of the selected process in the subsequent session to trigger critical thinking. The teaching team took turn on giving feedbacks on the engineering calculations prepared to ensure that feedbacks are given in due time. As part of the reflections, students were alerted on possible challenges that they might face with their assumptions. To enhance learning, students were guided on how engineers use and utilize MS Excel to perform integrated engineering calculation. They were able to link the calculation for the whole process and this had saved them a lot of their learning time. With this knowledge, they will be able to create a systematic database where process data sheet for each individual unit and process can be linked together to form an integrated process. Indirectly, they improved the team's dynamics, minimized the technical errors and saved their preparation and learning time.
The teams were also given the liberty to complete their MS Excel database pre-or during the class session. The troubleshooting process was performed together with the instructors to ensure problems with formula or equations are detected. The ability to perform trouble-shooting enhanced their critical thinking and problem solving skills. Active participation and excellent involvement from students were overwhelming; they were very excited when given the authority to check their own work and they patiently detected and admitted their mistakes. The design progress and outputs were submitted via UPM LMS and design padlet at padlet.com. Our dashboard record showed that submissions were done on time. All of these evidences reflect the effects of facilitative teaching approach on the attitude and responsibility of the students towards their own learning.
In all the processes involved, the instructors' tasks were only providing generic guides. Teams are emphasized to utilize the given information and tailor it to their specific tasks. Since the design activity is a continuous process, ensuring each team able to complete its respective tasks on time is very important and can be discouraging. Teams that prepared well will be at a fast track, very enthusiastic and tend to go beyond the required level. Even though that shows a positive side of the team spirit and their inquisitive and enthusiast minds, the teaching team needs to place a limit so that the scope of the given project is appropriate to their level and to the given duration [4] [6] . A much slower team will require a more rigorous coaching in such that the instructor had to provide them with extra design questions and spend more coaching time. Looking at the laborious and meticulous approaches that had to be undertaken, having a committed teaching team is very important to ensure coaching in facilitative teaching approach is effective.
C. Post-Design Activities
At the end of every session, take home notes and the required outputs of specific activities were highlighted. These notes act as reminder to the students on our expectation. With this kind of feedback, students have the opportunity to critically explore the problem. The students' reflections indicate that they valued the time spent in the laboratory or coaching session provided. In average, most of the required tasks were completed in class due to the availability of the teaching team to provide prompt assistance and feedback. They spent about 5 hours weekly to compile, integrate and complete their required tasks. The outputs of this course include Personal Design Logbook (PDL) and Team Design Portfolio (TDP). At the end of the project, teams were required to record their project presentation and made it available online. By uploading their presentation on the provided platform, the teaching team was able to assess individual's communication skills. The remaining contact hours can be utilized for reflections and feedbacks on technical depth and complexity of the design as well as on the teaching and learning experiences. It can be observed as well that their learning experiences were greatly diverse; some were good at information seeking whilst the others might be superior in utilizing tools and software. Some students were very meticulously details in performing their tasks such that those details are not yet required for this particular level; this is important information to be noted by the lecturers so that the students are able to manage their time well.
IV. STUDENTS' PERCEPTIONS
Since this is the first cohort that experience design in their first year, it is very important to evaluate the effectiveness of the teaching approach to ensure learning outcomes are achieved. A survey was distributed among the students who had enrolled in the ECH 3114 Material Balances course for Semester 1 2016/2017. The analyses shown here are based on results obtained from the survey distributed to the registered students (N = 52). The response rate is about 85% (NRESPONSE = 44). For the purpose of this paper, only certain specific elements of the survey are highlighted including students' reflections on their ability to design a single unit and multiple unit based on a given process description, time spent and assistance obtained during their design activities. The measurement scale used is as described previously. The results presented here will partly describe the effectiveness of the approach since it is globally understood that Material Balances is one of the most challenging Chemical Engineering subjects to the undergraduates, particularly to the first year students.
The facilitative approach offers many advantages including increasing opportunities for student engagement, improving student learning experience and enhancing their soft skills such as time management, communication skills and teamwork. Students also have the ability to solve complex engineering problems in creative and innovative ways and able to relate the fundamental with the real industrial applications through the design approaches. Fig. 5 shows the responses that the students provided when they were asked about their ability to analyze process descriptions and then developed it into a block diagram. It is reflected by the response that their knowledge and ability to interpret process description and transform the information into block diagram improved as the semester progressed. Fig. 6 and Fig. 7 are students' reflections that illustrate their abilities to design single and integrated units, respectively. Here, all responses were timely based, i.e. Early (beginning of the semester), Mid (middle of the semester) and End (end of the semester). For all three questions, it is good to note that the responses representing students' status at the end of the semester skews to the right, indicating positive outcomes. It is also interesting to note that there was a student who reflected that he/she had excellent prior knowledge on designing a single unit. In particular this individual might be one of the diploma holders. It is also interesting to observe that the end status as 'EXCELLENT' had increased to 15.
There is no student that opted for 'POOR' for this particular section.
It is also important to highlight that smaller number of students reflected their abilities as 'EXCELLENT' as depicted in Fig. 7 (12) compared to the responses received for a single unit as shown in Fig. 6 (15) . This can be attributed to the higher complexity demanded in the design of the integrated units compared to those required for a single unit. Approximately 55% of the population evaluated themselves to be in a 'GOOD' position to design integrated units. This shows that the students are confident enough that they are able to perform material balances to design integrated processes. It is also noted that hierarchal and structured thinking are demanded to solve for problems related to these integrated units. This can be a focus area to be highlighted for future improvement.
Student's response on the assistance that they received in class helped them in completing the given task. About 59.1% of them agreed that they obtain most help from the teaching teams as well as their team members. However, most of the students reflect that they spent more than 5 hours on weekly basis to complete the given tasks. The overall passing rate for this course is 88.5%. A slightly higher passing rate compared to the previous cohorts. However, there are two factors to consider. First the breadth of subjects covered in both subjects are different and the second factor is that facilitative teaching, at this point, is mainly conducted in the design project activities. Once the system is fully established and can be supported by others, facilitative teaching approach that we introduced in this course can be further improved.
V. LECTURER'S PERSPECTIVE
From the instructors' perspective, they were able to gauge individual students' learning capabilities based on their direct feedback sessions. Not only student, lecturers who adopt this approach can also benefit in many ways. Based on the survey, all of the respondents (100%) described that they required assistance, either from the teaching team or their team members, throughout the design process. It is perceived that, from this activity, a strong coaching partnership between lecturers and student could be developed and established to create a more interesting and effective teaching and learning environment. Assistances from both the teaching team and their team members were perceived important by the students in order to complete their tasks which implicitly described the effectiveness of the facilitative teaching approach and engagement of the students via collaborative learning. All students agreed that their teamwork, team dynamics and their communication skills had greatly improved. They rarely skipped the lab sessions because they found that the sessions are useful. In general most of them agreed that they spent more than five hours weekly to complete the given task and the time spent in the laboratory is not sufficient. This point has to be noted by the teaching team.
The psychomotor and affective domains can be assessed easily via the different activities performed. Intensive use of MS Excel to calculate and develop database for the process was one of the main element in the design process. During the assessment for psychomotor, students were able to show their competency in using the software at the level required for the course. About 59.1% of the respondents described that the teaching team and their team members were their main mentors to learn and use MS Excel. The rest of the respondents described 'Others' as their resources. Both of these outcomes implied the resourcefulness and problem solving attributes of the student. Although the approach seems to be positive on some areas, it is also surrounded with many challenges. To describe, greater time and effort are required to plan and prepare the instructional and evaluation materials. The time spent during the pre-period longer compared to if the course is to be delivered in a conventional style. Furthermore, giving feedback to student works in due time is also challenging because the teaching team is also engaged with other undergraduate and postgraduate courses, managerial and administrative work as well as students' supervisions. There is no special provision for the teaching team to fulfill their annual key performance indicator (KPI), i.e. they also have to fulfill other duties similar to their other colleagues. Extra teaching time is always required to make sure that the plans are as scheduled. Hence, a collaborative team teaching is highly required and recommended to support the various needs in the facilitative teaching approach.
VI. FUTURE PROSPECTS AND CONCLUSIONS
We found that facilitative teaching approach had been beneficial both to the students and lecturers. Students are given the flexibility to maneuver their learning path towards the set direction. They have the responsibility for their learning; once they are interested in learning and actively involved in creating the positive environment, they will definitely set their own goals and standards. We envisage that this approach is suitable to be adopted by any engineering faculties that are about to embark on capstone design. The approach is also suitable to be adopted by any courses that have Project-Based Learning (Pro-BL) elements. With this we hope a new paradigm in teaching and learning activities of engineering subjects could be created and implemented.
